Recent studies in our laboratories have revealed that the well known reaction of pyrrolidine enamines with electron-deficient acetylenes like dimethyl acetylenedicarboxylate (DMAD) only give cyclobutenes in solvents of low polarity. In polar solvents such as acetonitrile, nitromethane and particularly methanol we found that the same reactants give pyrrolizine derivatives'. The same difference was observed in reactions of 3-(1-pyrrolidinyl)thiophene derivatives with DMAD2.
A qualitative comparison of the rates of these reactions in polar and apolar solvents learned that the rate varies with the electron density of the enamine double bond, but hardly with the polarity of the solvent in which the reaction is carried out3. This is strikingly different from the results obtained by Huisgen et aZ.5 for the reaction of an electron-deficient olefin (tetracyanoethylene) with electron-rich olefins (enol ethers). They found that the rate of the [2+23-cycloaddition reactions is strongly dependent on the polarity of the solvent (k (acetonitrile)'k(cyclohexane) 1-6~10~) and they have attributed this to the stabilization of the-transition state of the rate-determining step, which involves the formation of a 1,4-dipolar intermediate. Since the reaction of pyrrolidine enamines and DMAD in polar solvents to give pyrrolizines proceeds most likely via a 1,4-dipole, the absence of a substantial solvent effect on the rate let us to suggest that the rate-determining step in the reactions of pyrrolidine enamines and DMAD might be the formation of a tied-ion pair. That different products are obtained in polar and apolar solvents can be rationalized assuming that in polar solvents the tied-ion pair is rapidly converted into a pyrrolizine, via During the isomerization of 1 to 2 the lH NMR spectrum showed a transient singlet absorption at 6 5.95. When the reaction of the pyrrolidine enamine of a-tetralone and DMAD in methanol at O" was stopped after 15 minutes the lH NMR spectrum of the reaction mixture exhibited two signals at 6 6.33 and 6 5.95 respectively but after a prolonged reaction time these signals disappeared and we only isolated the known pyrrolizine gl. We assign the signals at 6 6.33 and 6 5.95 to the E-and Z-isomers of the Michael adducts 10 respectively, because these val--ues are in agreement with values reported for such compounds16. Therefore it seems that in the isomerization of 3 to -2 the Michael adduct is an intermediate.
